This study investigated the prevalence and concentration of antibiotic residues in twenty brands of milk. Determination and quantification of antibiotic residues was done using High Performance Liquid Chromatography. Aerobic plate count was carried out and the associated bacteria isolated. Identification of bacteria was done using standard microbiological methods. Molecular characterization and identification of bacterial isolates was done using 16S rRNA gene sequencing method. Antibiotic sensitivity was carried out on bacterial isolates using disc diffusion method. Plasmid profile of drug resistant isolates was done using alkaline analysis method. Comparison of means was done using Analysis of Variance. Antibiotic residues were detected in 10 (50%) of the 20 milk brands analyzed. The residual levels of tetracycline, oxytetracycline and chlortetracycline ranged between 5ng/kg and 1569ng/kg while none of the samples had doxycycline residues. The prevalence of tetracycline residues in evaporated milk brands and powdered milk samples were 100 and 23 % respectively. The aerobic plate counts ranged from 2.5 × 10 2 to 6.5 × 10 2 CFU∕mL for evaporated milk and 2.5 × 10 1 to 6.0 × 10 1 CFU∕mL for powdered milk. A total of ten bacterial species were isolated and identified. Susceptibility result showed that 95% of the isolates were sensitive to erythromycin, cefuroxime and gentamycin; 12.5% were resistant to tetracycline and ampicillin, 10% were resistant to ofloxacin and 7.5% to doxycycline and penicillin. Five of the bacterial isolates were resistant to more than one class of antibiotics. Resistant isolates subjected to plasmid profiling had detectable plasmids with estimated sizes between 120bp and 1000bp. The obtained results provide evidence that the presence of antibiotic residues in evaporated and powdered milk is an indication that the public is exposed to the harmful effects of the residues.
Introduction
Milk and milk products are important sources of animal protein which contribute greatly to human growth and development (Dikko et al., 2010) . They contain all the essential food constituents for all age groups and meet the nutritional needs of the body better than any single food (Razzagh et al., 2013) . Food for human consumption should be free of all types of compounds of adverse effect to human health. These harmful compounds are not restricted to microorganisms and biological factors and toxins excreted from them, but also all types of chemicals that directly or indirectly contaminate food stuff are equally highly important.
Antibiotics are used extensively in the dairy sector to enhance the health and productivity of animals used for human food. Anti-microbial agents are used in veterinary medicine for therapeutic and prophylactic purposes, maintenance of stable milk supply and as feed additives to enhance growth of farm animals (South Dakota State University, 2015). The major antibiotics used for these animals either belong to the same general classes or have the same mode of action as those used for humans (Joshi, 2002) . The extensive use of antibiotics in animals especially dairy cattle result in the presence of trace quantities of the drugs or their metabolites in their products and edible tissues such as milk, meat, muscle, fat and skin (Serratosa et al., 2006; Moreno-Bondi et al, 2009) .
The consumption of edible tissues of food of animal origin contaminated with antibiotic residues by humans poses a great risk to public health (Dubois et al., 2001 ). These kinds of foods contaminated with antibiotics residues have significant effects including: allergies and hypersensitivity reactions (Kassaify et al. 2013) , antibiotic resistance (Chauvin et al., 2005) , alteration in intestinal microbiota (Bester and Essack, 2010) and carcinogenicity, (Moreno-bondi et al., 2009) . The major worldwide public concern and health hazard associated with antibiotic residues in animal products is the development of resistant bacterial strains of animal origin and its consequent effect on human health (Aarestrup, 2005) . To ensure human food safety, worldwide regulatory authorities such as World Health Organization (1999) , and Food and Agriculture Organization (2008) , have set maximum residue limits (MRLs) for several veterinary drugs in foods, as well as acceptable daily intake (ADI) of antibiotics by humans (Cinquina et al., 2003; Fritz and Zuo, 2007) .
The reality of harmful effects of antibiotic residues in food of animal origin on human health notwithstanding, few studies including Adetunji (2008) , Tona and Olusola (2014) investigated on the presence of antibiotic residues in Nigerian milk. Also, the spectrum of antibiotic residues investigated in these studies was only limited to tetracycline, streptomycin and penicillin. The present study therefore investigated the prevalence and concentration of residues of currently and commonly used antibiotics (tetracyline, oxytetracyline, chlortetracycline and doxytetracyline) in twenty brands of evaporated and powdered milks sold in Abeokuta, Nigeria. The microbiological status of these milk samples was also investigated
Materials and Methods

Sample Collection
In this study, prepackaged, seven evaporated and 13 powdered milk samples were collected randomly from two local markets in Abeokuta, Ogun State, Nigeria between August and September, 2015. The samples were transported to the laboratory in a cold sterile bag and stored in refrigerator until further analysis.
Reagents and Standards
All reagents and standards used were of HPLC grade. These include: Acetonitirile (CH3CN), Merck Methanol (CH3OH), Merck, Ammonium acetate, Trifluoroacetic acid and Ammonium hydroxide, and sodium phosphate, Baker. Others are Oxalic acid-dihydrate and EDTAdisodium dihydrate from Merck,Citric acid-monohydrate, Sigma. Chlortetracycline, Tetracycline, Doxycycline and Oxytetracycline standards from US Pharmacopeia, Rockville, MD.
Analysis of Antibiotic Residues
Antibiotics residues were determined and quantified using High Performance Liquid Chromatography (HPLC) (Hitachi Chromaster 5430 series, equipped with a pump, an ultraviolet detector with an autosampler and a data work station).
Extraction and Quantification of Antibiotic Residues
Samples of powdered milk were weighed (5 g powdered milk) while for evaporated milk 3ml was measured into labelled 50 ml polypropylene centrifuge tubes. The powdered milk was dissolved with 10ml of grade one water and vortex mixed. Twenty millilitre (20 mL) EDTA-McIlvaine buffer pH 4.0 solution was added and vortex-mixed until dissolved.
The mixture was thereafter centrifuged at 4000 rpm for 10 minutes, 1ml of the supernatant was filtered through an acrodisc syringe filter into HPLC autosampler vials. HPLC autosampler vial and 20µL was then injected into the HPLC. The detector was set 355nm and the HPLC chromatograms were recorded on a Chrome master Data Module. The amount of each antibiotic residue in the samples was obtained by comparing the peak height of the sample to that of the standard tetracycline, chlortetracycline, oxytetracycline and doxycycline hydrochlorides.
HPLC Parameters
Injection volume (20 µl), mobile phase (HPLC grade acetonitrile, methanol and water, 15:15:70) . Flow rate (0.75 ml/min), Wavelength: 355nm, Column heater (35°C), runtime (15 min). Detection limit for tetracycline: 0.01ppm, Retention time: 4minutes.
Verification and Repeatability of Measurement
Measurement traceability: All measuring devices used in the analysis such as balances, pipettes, volumetric flasks, thermometers were calibrated by certified calibrators Blank milk samples were spiked in triplicates with 25, 50 and 100 ppb of standard tetracycline, chlortetracycline, oxytetracycline and doxycycline hydrochlorides. The recoveries ranged between 79.037% for tetracycline, 99.8%, for chlortetracycline, 96.62% for oxytetracycline and 100.80% for doxycycline hydrochlorides. Limit of quantitation (LOD and LOQ) were 0.013 and 0.044ppm for chlortetracycline, oxytetracycline 0.017 and 0.057ppm for tetracycline and 0.019 and 0.065ppm for doxycycline hydrochloride. Precision and bias of the method was 0.094 and 1.26 respectively while the expanded uncertainty was 0.342.
Microbiological analysis of milk samples: A total of 7 evaporated and thirteen powdered milk samples collected from local markets were microbiologically analysed using standard procedures. The samples were tested for the presence of mesophilic, thermophilic bacteria and total aerobic count. In the procedure, for the enumeration of the total aerobic microorganisms, a 1 ml portion of each milk sample was aseptically diluted with 9 ml of sterilized deionized-water. Serial dilutions from 10 1 to 10 3 were prepared. Using the pour plate technique, an aliquot of 0.1 ml of appropriate dilution was inoculated onto sterile plates and 20mls of prepared Nutrient agar (NA) and deMan Rogosa and Sharpe agar (MRS) (40°C) were poured into the plates aseptically. Plates were then incubated at 37°C for 24 and 48 hours respectively. All colonies on NA and MRS agar were enumerated and recorded in colony forming units per millilitre (Cfu/ml). For selective plating, each of the milk samples were inoculated on nutrient and MRS agar and were incubated at 37°C for 24 and 72 hours respectively. On MRS agar, creamishyellowish colonies were presumptively identified as Lactobacillus and cream large flat colonies on nutrient agar were identified as Bacillus. The suspected colonies were sub-cultured until pure cultures were obtained and were inoculated on nutrient agar slants, incubated at 37°C for 24 hours and stored in the refrigerator at 4°C for subsequent analysis.
Characterization of bacterial isolates was done using morphological (size, shape, edge, texture, opacity and colour) and biochemical (Gram's stain, Indole, Methyl red, Voges Proskauer, Citrate utilization, Catalase, Oxidase, Urease, Coagulase and Sugar fermentation) characteristics as described by Barrow and Feltham (2003) .
Bacterial genomic DNA was extracted from isolates using Qiagen DNA mini kit (250) Cat No 51306. Amplification of fragments of the gene of interest, 16S rRNA gene was carried out with PCR machine as described by Horton and Bruns (2001) . The Universal primers used were 27F: AGAGTTTGATCMTGGCTCAG and 1525R: AAGGAGGTGWTCCARCCGCA. Sequencing of the amplified products was performed using ABI PRISM 3700 DNA Analyzer with the Big Dye Terminator v 3.1 Cycle Sequencing Kit. Bi-directional sequences obtained with forward and reverse primers were edited and aligned to generate a consensus sequence using BioEdit sequence Alignment Editor (version 7.1.9). Consensus sequence were then aligned with sequences deposited in the National Centre for bacteriological Information gene bank by using the Basic local Alignment Search Tool (BLAST) to establish identities of the bacteria isolates.
Antimicrobial susceptibility tests: Bacterial isolated from the milk samples were tested for antimicrobial susceptibility using the disc agar diffusion method according to the procedures recommended by the Clinical and Laboratory Standards Institute (CLSI, 2007) . Tetracycline, Doxycycline, Ofloxacin, Cefuroxime, Gentamicin, Ampicillin, Penicillin and Erythromycin, the most commonly used antibiotics, were chosen to assess the resistance of the isolated bacteria. Bacterial isolates from the above microbiological analyses were grown on Mueller Hinton agar plates. Tetracycline (30 mg), Doxycycline (15 mg) Ofloxacin, Cefuroxime, Gentamicin, Ampicillin, Penicillin and Erythromycin, (10 mg) antibiotic discs (Abtek Biologicals, UK) and empty discs as control were tested on duplicate plates. The plates were incubated for 24 hours at 37°C and the diameter of the zones of inhibition were measured with a metric ruler and interpreted as resistant, intermediate or sensitive according to the CLSI interpretative chart guidelines. Susceptible strains did not grow in the area around the disc; whereas, resistant strains endured the antibiotic(s).
Plasmid profile analysis: The procedure described by Oleghe et al., (2011) was used for plasmid profile analysis. Pure bacterial isolates were inoculated on Mueller-Hinton and was incubated overnight. The grown culture was transferred into 1.5ml centrifuge tube containing phosphate buffer saline (PBS) and centrifuged at 10000 rpm for 30 seconds. The supernatant was decanted and the pellet cells were suspended in 200 µl of solution A (100 mM glucose, 50 mM Tris Hydrochloride (pH 8.0), 10M EDTA) containing 10mg of lysozyme per ml and incubated for 30 minutes at 37°C. The freshly prepared 1% sodium dodecyl sulphate (400µl) in 0.2N NaOH was added and mixed by inverting tubes. A 30% potassium acetate solution (300µl) was added, vortex mixed, incubated on ice for 5 minutes and centrifuged at 5000rpm for 5 minutes. The supernatant was discarded and cells were extracted once with a phenol-chloroform mixture (1:1). Plasmid DNA was precipitated with absolute ethanol and 70% ethanol and spinned repeatedly thrice. The tubes were opened and allowed to dry in an incubator. Plasmid DNA was dissolved with Trisacetic EDTA buffer (Oleghe et al., 2011) and subjected to agarose gel electrophoresis.
Statistical Analysis
Data subjected to statistical analysis were analyzed using the software SPSS Version 20. Concentrations of residues were compared by means of 1-way ANOVA (Analysis of variance) at P<0.05.
Results
The results of antibiotic residues analysis in milk samples are shown in Tables 1 and 2 . Ten of 20 (50%) examined evaporated and powdered milk samples were found to contain tetracycline antibiotic residue. Seven (100%) of the evaporated milk brands were positive for oxytetracycline while one (14.2%) had traces of tetracycline. None had chlortetracycline and doxycycline residues. Two (15.3%) of the powdered milk brands screened had traces of oxytetracycline residues while one (7.69%) had traces of tetracycline and chlortetracycline residues. None had doxycycline residue. The concentration of antibiotic residues detected in evaporated and powdered milk samples ranged between 5ng/L and 1569ng/L.
The aerobic plate counts ranged from 2.5×10 2 to 6.5×10 2 CFU∕mL for evaporated milk and 2.5×10 1 -6.0×10
1 CFU∕mL for powdered milk (Table 3) . A total of ten bacterial species were isolated and identified as Bacillus subtilis (25%), Lactobacillus fermentum (20%), Bacillus mycoides (12.5%), Lactobacillus plantarum (10%), Bacillus megaterium (10%), Lactobacillus acidophilus (10%) Lactobacillus brevis (5%), Lactobacillus alimentarius (2.5%), Lactobacillus delbrueckii (2.5%) and Micrococcus luteus (2.5%). However, Bacillus subtilis had the highest frequency of occurrence (25%) (Figure 1 ). Susceptibility result showed that 95% of the isolates were sensitive to erythromycin, cefuroxime, and gentamycin and 12.5% were resistant to tetracycline and ampicillin, while 10% were resistant to ofloxacin and 7.5% to doxycycline and penicillin (Table 4) . Table 2 Concentration of antibiotic residues detected in evaporated and powdered milk samples. (Table 5) .
Discussion
Antibiotic residues are commonly found as toxic contaminants which are ingested by humans via foods of animal origin and pose a great risk to public health. It is a major public health concern and a global health hazard (Nisha, 2008) . In this study, three different antibiotics (tetracycline, oxytetracycline and chlortetracycline) residues were detected in 10 (50%) out of the total 20 milk brands analysed. The residual levels of the antibiotics screened in this study ranged between 5ng/L and 1569ng/L. The literatures available on the occurrence of antibiotics in milk samples indicate higher rates of antibiotic residues. In Ogbomosho, Nigeria, a study was designed by Tona and Olusola, (2014) to determine the prevalence of tetracycline antibiotics in 40 dairy product samples (cow milk, goat milk, yoghurt, butter fat and soft cheese). All samples (100%) screened contained residues of tetracycline antibiotics with mean residual levels ranging from 0.0019 to 0.0080 mg/Kg. Soft cheese however, had residues that were significantly higher (P < 0.05) than the other products, though none exceeded the maximum residue limit. Adetunji (2008) reported fiftyeight samples (40 cheese and 18 yoghurt samples) were analyzed for antibiotic residues (streptomycin, penicillin and tetracycline). The mean residual levels ranged between 0.0011 and 0.0062 mg/Kg.
In the United States of America, 10 unexpired cow milk samples were obtained from different suppliers in North Carolina and analysed for the presence of a broad range of antibiotic residues using DelvoP test. Results obtained revealed 9 (90%) out of the 10 examined milk samples had traces of different antibiotic residues at 5 µg/Kg and higher (Aylin and Erdogan, 2015) . In Iran, Mahmoudi et al., (2013) screened 200 raw cow milk samples from dairy farms for the presence of antibiotic residues using Copan milk test, 115 samples (57.70%) were found to contain antibiotic residues. Also, the results of the evaluation of tetracycline and oxytetracycline residues in milk samples in Tehran province indicated that above 8.7% of milk samples were positive for antibiotic residues (Rassouli et al., 2010) . In Ghana, Aning et al. (2007) reported on the analysis of raw milk samples (394 samples) marketed in two major cities, Accra and Kumasi. Thirty-five percent of the samples were contaminated with one or more of the five families of antibiotics (βetalactams, tetracycline, aminoglycosides, macrolides and sulphonamides) screened.
In Iran, Mahmoudi et al., (2014) investigated the presence of antibiotic residues in 96 milk samples (18 pasteurized, 24 from milk collection centres and 54 from semi-industrial farms). Based on the results, 28 (29.16%) of the 96 samples contained antibiotic residues. Moreover, in terms of antibiotic residue contamination, a significant difference was found between raw and pasteurized milk samples (p<0.05) such that the highest antibiotic contamination (30.76%) was found in raw milk samples. In India, the occurrence of tetracycline residues in cattle milk in five districts of Punjab was monitored and analysed. Of the 133 milk samples analysed, 18 samples were found to contain tetracycline residues. The percentages and concentration of tetracycline residues detected from the 5 districts were in the range of 0 - 46.15% and 16 -134.5 µg/Kg respectively (Gaurav et al., 2014) . The above results showed that there are variations in the level of antimicrobial residues in milk samples consumed in different geographical locations. These differences might be as a result of non-compliance with withdrawal periods by farmers, illegal or off label use of drugs, incorrect dosage and lack of good veterinary practices (Ivona and Mate, 2002; Paturkar et al., 2005) . The variations observed could also result from the method of analysis employed by each researcher as each method has its own limitations, also the type of milk examined could also be a contributing factor (Adetunji, 2008) . Numerous factors influence the concentration of residues in milk including individual characteristics, health of the animal, amount and type of applied antibiotics, quantity of milk production, method of antibiotic application (Fejzić et al., 2014) . The degree of contamination of milk and dairy products with antibiotic residues differs depending on the level of legislation and effectiveness of the methods in different countries (Aalipour et al, 2013) .
In this present study, it is noteworthy that none of the tetracycline(s) positive milk brands had tetracycline residues that exceeded the maximum residue limits of 100 µg/Kg set by World Health Organization (WHO) and Codex Alimentarius. The antibiotic residue concentrations detected ranged from 5ng/L to 1569ng/L. This result is consistent with previous studies in Nigeria by Tona and Olusola, (2014) and Adetunji (2008) in which the highest residue concentration recorded was 0.0080 and 0.0062 mg/Kg respectively. In Lebanon, Kassaify et al. (2013) reported the mean residual levels of gentamicin and streptomycin in milk samples to be 90 and 80 µg/Kg respectively. The low concentrations of the tetracycline antibiotics residues observed in this study might be as a result of instability of tetracycline when exposed to heat as recorded by Loksuwan (2002) . Moats (1999) observed partial reduction in the occurrence of tetracycline residues concentrations during heat treatment and also found out that temperature at 62°C over a period of 30 minutes cause a reduction in chlortetracycline content by 16% and oxytetracycline by 23%, while 27% and 35% reduction were obtained at 72°C respectively (Navratilova et al., 2009) . The ability of antibiotic residues to cause antibiotic resistance is not as a result of significant doses but sublittle amounts of residues ingested over time build up/ accumulate in the body and often promote the development of resistant strains of bacteria which results in therapeutic failure as a result of the body's sensitivity to them (Adetunji, 2008 ).
This present study shows that of all the 20 milk brands analysed for tetracycline, oxytetracycline, chlortetracycline and doxycycline residues, oxytetracycline had the highest percentage of 45%, tetracycline had 10%, 5% for chlortetracycline and none was positive for doxycycline. This result is lower when compared with the report by Navratilova et al., (2009) in Czech Republic where 168 raw cow milk samples were analysed for the presence of antibiotics (tetracycline, chlortetracycline and oxytetracycline) residues. Results showed that all the samples (100%) analysed contained tetracycline residues ranging between 5 and 24.47 µg/L. 50.6% of the samples were positive for oxytetracycline, while none of the samples had chlortetracycline residues nor exceeded the maximum residue limit. Rassouli et al, (2010) reported 37 commercial cow milk samples were screened for oxytetracycline, chlortetracycline and doxycycline antibiotic residues. Results shows oxytetracycline residues were present in all the tested samples (100%), chlortetracycline in 5 (13.5%) and doxycycline in 2 (5.40%) of the samples. The high percentage prevalence of oxytetracycline and tetracycline residues reported in this study might probably be due to the fact that oxytetracycline and tetracycline are the most prescribed antibiotics for animals in veterinary practice (Darwish et al., 2013) .
In this study, the antibiotic residue prevalence was higher (100%) in evaporated milk brands than powdered milk brands (23.0%). This is higher than the results of a study conducted in China in which 94 samples of ultrahigh temperature (UHT) milk and 26 samples of pasteurized milk from China's top dairy brands (I, II, III, IV), were assessed for their contamination with tetracyclines using the ELISA method. It was found that the percentage of UHT milk samples and pasteurized milk samples containing detectable levels of tetracycline were 0 and 7.7 % respectively (Zhang et al., 2014) . Literatures report that the exposure of milk to heat processing such as pasteurization does not totally eliminate the presence of residues (Loksuwan, 2002; Navratilova et al., 2009) Doxycycline antibiotic residue was not detected in all of the 20 milk samples screened in this study. This is in contrast with the findings of Rassouli, (2010) in which 2 of 37 milk samples contained doxycycline residues. The absence of doxycycline antibiotics in the milk brands sampled in this study might be because it is not an approved drug in veterinary medicine and as such less prescribed because of its notable adverse effect of slowing down bone growth (Medicinal Veterinary Animal Health, 2016) .
The bacterial loads count from different evaporated (7) and powdered (13) milk brands sampled in this study ranged from 2.57+0.88 to 6.57+2.90 and 2.67+1.67 to 6.0+1.15 CFU/mL respectively. This is lower than the report obtained from previous studies. Murugan et al., (2012) reported total viable count from pasteurized milk in India to vary between 4.18+0.095 and 4.43+0.081 (log 10 CFU/mL). Additionally, the lowest viable count of 3.56+0.078 was observed in lab-pasteurized milk samples. In Abeokuta, Edema and Akingbade, (2007) reported 0.95×10 5 -2.15×10 5 CFU/mL from unsweetened evaporated milk samples and this is also higher when compared to the counts obtained from this study which ranged from 2.5×10 2 -6.5×10 2 CFU/mL and 2.5×10 1 -6.0×10
1 CFU/mL for evaporated and powdered milk respectively. The results obtained in this study are within the satisfactory level for human consumption according to Health Protection Agency (2009). The aerobic plate count satisfactory level for pasteurized foods ranged from <10 4 -<10 7 while that of powdered milk ranged from <10 4 -<10 6 . However, the difference in values obtained from the studies may be attributed to the milk type/brands and/ or batch used for the analysis, method of analysis and sanitary conditions. A total of 10 (ten) bacterial species namely: Bacillus subtilis, Lactobacillus fermentum, Bacillus mycoides, Lactobacillus plantarum, Bacillus megaterium, Lactobacillus acidophilus, Lactobacillus brevis, Lactobacillus alimentarius, Lactobacillus delbrueckii and Micrococcus luteus were identified from the 20 different commercial milk brands assessed in this study. No milk product was sterile and this shows that pasteurization makes milk safer, it does not render it sterile. This is higher than the results obtained in a similar study carried out in Abeokuta by Edema and Akingbade, (2007) where a total of six bacterial species were isolated from 45 samples of three commonly consumed unsweetened evaporated milk and they are : B. cereus, B. licheniformis, B. coagulans, B. stearothermophilus, B. subtilis and C. perfringens while Mahami et al., (2011) in Accra, Ghana identified eight bacterial species from eight branded and unbranded milk types (10 fresh pasteurized cow milk (locally-produced), 10 unpasteurized cow milk (locally produced), 10 pasteurized skimmed milk (imported), 10 pasteurized whole milk (imported), 10 soya milk (imported and local), 10 powdered infant milk formula and 10 powdered milk samples) namely E. coli, Klebsiella species, Enterobacter species, P. vulgaris, Salmonella typhi, Enterococcus feacalis, Staphylococcus aureus and S. epidermidis. Murugan et al, (2012) isolated eight Bacillus species from pasteurized milk in India and they are B. subtilis, B. megaterium, B. licheniformis, B. cereus, B.coagulans, B.pumilus, B.sphaericus, and B. circulans. These results shows variations in the types of bacteria species present in commercial milk meant for human consumption. The isolation of different bacterial species in this study could be due to the fact that milk is a nutritive medium and as such capable of enhancing the growth of bacteria contaminants and as well favour the multiplication of starter cultures in the milk samples (USDA, 2015) .
Bacillus species were present in 95% of the brands sampled in this study with B. subtilis having the highest occurrence (25%). B. subtilis was also the highest occurring bacterial isolates in a study on evaporated milk reported by Edema and Akingbade (2007) and pasteurized milk by Murugan et al., (2012) where they recorded 93.33% and 33% respectively. The high occurence of Bacillus species might be due to the fact that they are spore formers and their spores have the ability to survive the temperatures used for pasteurization of the milk samples, which later germinate and multiply (Edema and Akingbade, 2007) .
Lactobacillus species were isolated from all brands of milk sampled. This is in contrast to the report by Kateete et al., (2013) that isolated Lactobacillus species from only 9% of milk samples analysed. The detection of Lactobacillus species in the studied milk products is indicative of its use as starter cultures in the production /fermentation of milk and milk products (Medicinal Veterinary Animal Health, 2016) . Micrococcus is a thermoduric bacteria that are generally harmless but can become an opportunistic pathogen in the immunocompromised. The presence of its species in the milk samples screened is indicative of its use in the manufacture of fermented dairy products as reported by the Public Health Agency of Canada (PHAC, 2010) .
The antibiogram of the bacterial isolates revealed that only 2.5% of the isolates were multi drug resistant. This is lower compared to other report on milk and milk products. Guta et al., (2002) reported that most of the 250 Staphylococccal isolates obtained from cow foremilk samples were resistant to one or more of the antimicrobial agents. Multiple resistance patterns were observed in penicillin-ampicillin (9.3%) and erythromycin, tetracycline and ampicillin at 3.6%. Ahmed et al. (2001) and Okpalugo et al. (2008) also reported high antibiotic resistance to tetracycline and other antibiotics by organisms isolated from milk and milk products. In the present study, only one of the isolates (Bacillus subtilis) from brand J was resistant to three classes of antibiotics namely tetracyclines, aminoglycosides and βetalactams. In this study 12.5% resistance to tetracycline and ampicillin was observed. This is lower when compared to 60% reported by Okonko et al., (2009) to tetracycline and amoxicillin, and 100% reported by Mahami et al., (2011) . Most of the bacterial isolates obtained from the milk samples in this study were susceptible to Cefuroxime, Erythromycin, Gentamycin (95%) and Penicillin (92.5%). The effectiveness of Cefuroxime might be attributed to the fact that it is a relatively new antibiotic and has not been extensively used to warrant resistance developing against it by pathogens.
In this study, the presence of traces of oxytetracycline residues in the milk samples did not affect/inhibit the growth of Bacillus mycoides, Bacillus subtilis, Lactobacillus acidophilus, Lactobacillus alimentarius, Lactobacillus fermentum, Lactobacillus plantarum and Microcccus luteus. This might be due to the low concentrations of these residues in the milk samples screened or the resultant chelating effect of the interaction of tetracycline with magnesium and calcium ions or protein casein. As these protein and ions in milk reduces the activity of tetracycline and is capable of rendering it ineffective (Kuang et al., 2009) .
Agarose gel electrophoretic analysis in this study revealed the presence of plasmid bands in all the seven bacterial isolates screened. The plasmid bands ranged between 120 -1000bp (base pair). This is smaller in size compared with the report of previous studies. In Nigeria, Olukoya and Ebigwei (1993) isolated Lactobacillus species from nine locally fermented foods. Of the 50 isolates screened, 40 had plasmids ranging in size from 1.8kb to 45.0kb and majority of the isolates were reported to carry more than one plasmid. In a study carried out in Pakistan, 116 Lactobacillus species were isolated from fermented milk products and of the total strains investigated for the analysis of plasmid DNA, 22 strains were found positive with large plasmid sizes ranging between 20 and 25kb (Soomro and Masud, 2007) . Ombui et al. (2000) isolated various species of Staphylococcus from milk and meats sold in Nairobi and Kiambu districts. Of the 96 isolates (75 from milk, 21 from meats) 71% carried plasmids of molecular sizes ranging between 0.1 to 14.5kb. These results suggest that each species yielded a different electrophoretic pattern. However, a slight variation among examined strains may be due to different growth conditions used for propagation, difference in the origin of the isolates/ strains, the type of growth media used as well as the variety of the milk sources. Plasmid profiles have been reported to be useful in tracing the epidemiology of antibiotic resistance (Ombui et al., 2000) . Plasmids have been known to confer resistance to bacterial isolates (Babu et al., 2009 ). According to Thomas and Summers. (2008) , plasmids may be transferred from one bacterium to another via three mechanisms: transformation, transduction and conjugation. The sizes of plasmids varied from 1 to over 200kbp and plasmids may carry genes that provide resistance to naturally occurring antibiotics in a competitive environmental niche. Finding in this study has been corroborated by Gevers et al. (2003) who reported that Lactobacillus species harbour plasmids of different sizes.
Evaluated milk products clearly poses some yet undefined risks and this is of clinical significance in immunosuppressed people who consume these products as they may eat isolates resistant to some broad spectrum antibiotics. This is because the concentrations of bacteria in milk products vary widely from one manufacturer to another and lack of standardization makes it hard to be sure of the quality. The relatively high level of resistance to antimicrobial agents constitutes a major threat to public health as it may spread bacterial resistance among the populace who come in contact with the milk products. Since public perception of food quality is critical in the marketing of any product, it is very important that the Nigerian milk products industry maintains high processing standards (Okpalugo et al., 2008) .
Conclusion
The antibiotic contamination of food is one of the greatest threat to public health and economic concern that is faced not only by Nigerians but globally. The information presented in this study shows that tetracycline residues are present in milk brands sold in Abeokuta, Nigeria. A considerable percentage of the tested samples contained tetracycline, oxytetracycline and chlortetracycline residues. Although, the concentrations were below the maximum residue limit, accumulation of residues in the body can trigger harmful effect at any point in time. To overcome this global problem of antibiotic residues, it is therefore recommended that regulatory agencies in Nigeria should monitor antibiotic residues in milk meant for human consumption. The use of alternatives to antibiotics, such as plant-derived antimicrobial substances and probiotics may represent a promising option. However, in situations where the use of antibiotics is inevitable, its irrational use in veterinary practices should be avoided.
